~/ Intraventricular hemorrhage (IVH) from aneurysm rupture is generally considered to be of grave prognostic significance. Ninety-one cases have been studied retrospectively from seven medical centers. The overall mortality rate was 64%. The dramatically poor condition of these patients leads to their rapid admission to the hospital. Eighty-seven percent were admitted on Day 0 or 1, and more than half were classified neurologically as Grade 4 or 5. A multiple regression analysis explained 56% of the variance in survival, using the variables of ventriculocranial ratio (VCR), day of admission, diastolic blood pressure, location of aneurysm, associated intracerebral hematoma, age, grade on admission, sex, and systolic blood pressure. No patient with a VCR of more than 0.25, as calculated from the initial computerized tomography (CT) scan, survived. No patient whose smallest VCR was 0.23 or more survived. This ratio can be simply measured with a millimeter ruler from the CT scan. Patients with IVH usually had enlarged ventricles, even initially. The overall results suggest that early management of intracranial hypertension should be more generally considered, although even when this was done the prognosis was still guarded. The timing of surgery was not an important determinant of outcome, although a significant number of patients died awaiting surgery. KEY WORDS 9 intraventricular hemorrhage 9 aneurysm rupture ventrieuloeranial ratio 9 ventriculoperitoneal shunt 9 external ventricular drainage T
T HE occurrence of intraventricular hemorrhage (IVH) from any source has historically been viewed as being a grave prognostic indicator. There has been little systematic study of this phenomenon as it relates to aneurysm rupture. The use of computerized tomography (CT) scanning readily permits a defmitive diagnosis, so that an attempt at clinicoradiological correlation of these two events appeared worthwhile. An important practical question is whether or not drainage of the ventricular system in such cases is helpful and, if so, how and when.
Clinical Material and Methods

Case Selection
Neurosurgeons at seven hospitals retrospectively searched for cases in which an aneurysm had been demonstrated by angiography, surgery, or autopsy, and in which an IVH had been shown on a CT scan not preceded by surgery. Patients may or may not have been operated on subsequently.
Patient Grading System
Patients were graded as follows: Grade 1: asymptomatic; Grade 2: headache, stiff neck, may be drowsy; Grade 3: significant decrease in consciousness, may have mild focal deficit; Grade 4: decrease in consciousness and major focal deficit; Grade 5: failing vital signs, pupillary abnormalities, apparently moribund. Grades were estimated at the time of admission, CT examination, insertion and removal of external ventricular drains, ventriculoperitoneal (VP) shunting, surgery, and discharge. Age, sex, and admission systolic and diastolic blood pressures were also recorded.
Discharge from the initial neurosurgical hospitalization was designated as follows: 1) home without deficit; 2) home with neurological deficit; 3) rehabilitation facility; 4) chronic care facility (nursing home or auxiliary hospital; and 5) death.
Designation of Time
The date of hemorrhage was designated as Day 0. The time of admission, CT examination, insertion and removal of external ventricular drains, VP shunting, clipping of the aneurysm, and day of discharge or death were calculated accordingly.
Radiological Classification
The aneurysm was classified as arising from the internal carotid, anterior cerebral, middle cerebral, or vertebrobasilar arteries. The presence of an associated intracranial hematoma on the initial CT scan was noted and classified as intracerebral, subarachnoid, or subdural. The location of an associated intracerebral hematoma, if any, was classified as frontal, temporal, parietal, occipital, or brain stem-cerebellar.
The ventriculocranial ratio (VCR) was the ratio of the width of the ventricles behind the frontal horns between the caudate nuclei, where the walls are almost parallel, to the width of the brain at the same level (Fig. 5) . A similar ratio was calculated by Vassilouthis and Richardson, TM who established a normal range in 50 cases; their mean VCR + 2 standard deviations was 0.155 and is considered to be the upper limit of normal. The size of the IVH on the initial CT scan was graded on a scale of I to IV by dividing the anteroposterior length of the lateral ventricles into quartiles. A Grade IV IVH filled the entire length of at least one lateral ventricle. A Grade I IVH would fill up to one-quarter the length of at least one lateral ventricle.
Clinical Complications
It was recorded whether patients ever developed meningitis or another infectious complication of external drainage, whether they ever developed a delayed ischemic deficit from severe vasospasm, and whether or not the aneurysm ruptured prior to the institution of external drainage or shunting.
Statistical Analysis
Information from the data sheets was placed on tape, and a standard statistical analysis was performed by computer. Thirty-seven variables on 91 cases are recorded as means + standard deviation. Most results are rounded off to the nearest whole number.
Results
The general characteristics of the patients with IVH are listed in Table 1 . 
Mortality
Considering all 91 patients, the mortality rate was 64%. Of the 74 patients admitted on Day 0 or 1, 43 (5 8%) died without operation, eight (11%) died following clipping of their aneurysm, 20 (27%) survived the clipping, and three patients (4%) survived without having clipping (Fig. 1 ). Early deaths were associated with a greater initial mean VCR than late deaths.
Morbidity
Overall, 8% of cases were discharged directly home and were considered normal, 12% went directly home but with a neurological deficit, 8% went to a rehabilitation facility, 9% to a chronic care hospital, and 64% died. The results for the 20 patients who survived surgery are shown in Fig. 2 . Table 2 illustrates the results of the multiple regression equation. Using all the variables listed, we could explain 56% of the variance in survival. Those variables that contributed and the order of their contribution in a stepwise fashion were: the initial VCR, the day of admission, diastolic blood pressure, location of the aneurysm, an associated intracerebral hematoma, age, grade on admission, sex, and systolic blood pressure. The relative strength of each variable's association with survival, considered individually and not in a stepwise fashion, was as follows: initial VCR, systolic blood pressure, age, diastolic blood pressure, grade on admission, day of admission, presence of associated intracerebral hematoma, location of aneurysm, location of intracerebral hematoma, and sex.
Relative Importance of Factors for Survival
The majority of these patients had dilated ventricular systems when first studied. The association between increased VCR shortly after the aneurysm rupture and survival is illustrated in Fig. 3 . Only one of 29 patients with a VCR greater than 0.23 survived. No patient with a VCR greater than 0.25 on Day 0 survived. Of the eight patients within the normal range of VCR or below it, four survived. Table 3 shows that if the VCR never went below 0.23 at any time during the hospitalization, mortality rate was 100%. The grade at discharge was associated with both the initial and the smallest VCR (p < 0.0001). The majority of patients had hydrocephalus on ad- * The total variance in survival which can be explained by the variables listed is 56% (bottom of "R square" column, 0.55553). The incremental contribution of a variable to the variance is shown in the "RSQ change" column. Considered by itself the strength of a variable's relationship to survival is shown in the "simple R" column. The 46 cases with all variables present were used in this equation.
t VCR = ventriculocranial ratio; ICH = intracerebral hematoma.
mission. Spontaneous reduction in ventricular size was much less likely than progressive enlargement. Patients who had cerebrospinal fluid (CSF) drainage or shunting had more extreme hydrocephalus than those without placement of a shunt or drain. The shunts in most cases were successful in dramatically reducing ventricular size, but despite being brought into the lower, normal range a high proportion of these patients went on to die. There was a proportionately greater reduction in ventricular size in the patients with VP shunts who survived than in those who died (Fig. 4) . Shunt malfunction may have been more common in the latter group. Twelve patients had VP shunts placed and seven survived. The average initial neurological grade was 4 among both fatalities and survivors.
Of the 17 patients who had external drainage established, 12 (71%) died. The external drains were inserted on an average of 1.7 days following the aneurysm rupture, and were removed on an average of 6.6 days following the rupture. One patient (6%) developed meningitis. Of patients who died following external ventricular drainage, the drainage system had been in place for an average of 4 days; for the five patients (29%) who survived external drainage, it was in place for an average of 9 days. In the fatal cases the average grade on admission was 4 and at the termination of drainage it was also 4. Of the 12 patients who ultimately died, two deteriorated during the course of their drainage and one improved. Of the five patients who survived following external drainage, the average grade on insertion was 4, and on removal it was also 4. One patient in this group deteriorated during drainage and two improved. Overall, three patients (18%) got worse while external Patients with a significant subarachnoid hemorrhage (SAH) noted in the initial CT scan showed larger ventricles in later scans. The enlargement was greater in those who eventually died.
Discussion
We have found that ventricular size (as judged by the ventriculocranial ratio, VCR) is a potent predictor of outcome in IVH. The importance of other factors, such as admission grade, blood pressure, and age, has been shown in other studies of aneurysm cases.
We have demonstrated that the great majority of patients with IVH have hydrocephalus, even at the time of admission. The correlation of an increasing ventricular size with a worse neurological grade sug- There was a 50% mean reduction in VCR for patients who survived following a VP shunt placement. Those who went on to die had only a 22% mean reduction. gests that it is not an epiphenomenon but related in a direct way to a basic pathophysiological mechanism. It is probable that the greater the volume of blood released at the time of rupture the more likely will some of it be to reach the ventricular system and the more likely will the red blood cell mass be to clog the portals of egress of CSF. The back-up CSF will raise intracranial pressure (ICP), which in turn will reduce cerebral blood flow and cause adverse metabolic changes. The higher the CSF pressure the more likely will the ventricular system be to distend acutely. It is intriguing that the periventricular brain is apparently more easily compressed than the cortex under the subarachnoid space.
The mortality rate for IVH from a ruptured aneurysm has been reported as very high, and is probably comparable to the 64% we report here. It is impossible to compare our data accurately with those of most series, as the day of admission and grade of admission are usually not stated in previous communications. Van Gilder and T o m e r 9 reported 48 patients with G . M o h r , et al. ruptured aneurysms and severe deficits who were studied with CT; 75% of those with IVH died in less than 28 days. The occurrence of IVH was a significant predictor of mortality in that series (p < 0.05). 9 In a series of 15 patients with ruptured aneurysms and IVH in the pre-CT era, 87% died. 8 In 14 patients with IVH studied by CT, who had saccular aneurysm, the mortality rate was 100%. 5 In 40 cases of IVH studied by CT, the mortality rate was only 53% but the origin of the IVH was multiple. Of the subset of patients who had ruptured aneurysms or arteriovenous malformations (11 cases), only 27% were in grave condition on admission; 27% of these patients diedJ
There has been some suggestion in the literature that IVH is a predictor of hydrocephalus. This was so in the report of Silver, et al. 8 Vassilouthis and Richardson 1~ reported chronic hydrocephalus in 10.5% of 210 cases of SAH. Of their 26 cases with acute hydrocephalus, 35% had IVH on CT scanning.
Our experience does not lead one to be optimistic regarding the outcome following measures aimed at CSF diversion. In such cases, once it is recognized that the ventricular system is enlarged, one can be almost certain that ICP is raised. Failure to drain or shunt CSF and thereby to lower CSF pressure will result in almost certain death for the patient. If more of this population of patients is to be saved and maintained in better condition, early aggressive management will probably be found to be necessary. The risk of rebleeding is likely to be increased, but we believe this represents a lesser threat to the patient than the natural course of events, and can be obviated by early clipping. Ventricular drainage has been suggested by Kusske, et al., 4 as being beneficial following aneurysm rupture. On the other hand, Little, et aL, ~ suggested that insertion of a drain in the acute phase was of little benefit, as the catheters invariably became obstructed with clotted blood. Van Gilder and Torner 9 reported 48 ruptured aneurysms, in which ICP monitoring was carried out over a 2-week period. Five patients developed infections and three (6%) contracted meningitis.
Since our cases were obtained retrospectively from hospital records, we cannot estimate the size of the patient pool of ruptured aneurysms from which our cases are drawn. The literature suggests that IVH is found in 13% to 28% of clinical series and in 37% to 54% of autopsy series. The higher frequency in the latter is additional evidence that IVH has a deleterious influence in a patient with ruptured aneurysm. Various authors have reported IVH present clinically and radiologically as follows: in 13% of 200 cases of SAH (80% of which were due to aneurysm rupture), 1~ in 25% of 51 cases of aneurysm rupture, 11 in 17% of 48 cases of ruptured aneurysms with severe neurological deficit, 9 in 28% of 85 cases of ruptured aneurysms, 3 and in 17% of 81 cases of ruptured aneurysms.8 Others have observed IVH at autopsy in 37% of 168 deaths occurring in 7 days or less from ruptured intracranial aneurysms, 7 54% of 175 deaths from aneurysm rupture, 1 and 48% of 48 deaths from ruptured anterior cerebral artery aneurysms. 12 Many cases of IVH probably result from an intracerebral or subarachnoid clot rupturing into the lateral ventricles rather than retrograde passage of blood through fourth ventricular foramina from the subarachnoid space. The 53% incidence of intracerebral hematoma in our ruptured aneurysm series is similar to a previous CT study (57% of 14 cases), ~ and less than an autopsy report (84% of 95 cases)) The combination of intracerebral hematoma and IVH probably has a worse prognosis than either alone.
Other pathology is common with IVH from aneurysm rupture. In the series reported by Cancilla, et aL, ~ 175 autopsies revealed IVH in 95 (54%), and almost all had associated hemorrhages. The frequency of IVH increases with the number of aneurysm ruptures. In 205 autopsies of patients with ruptured aneurysms, a single aneurysm rupture was associated with an IVH incidence of 21%, whereas patients with a history of multiple aneurysm ruptures had a 55% incidence of IVH. 7 The size of the intraventricular clot or hyperdense region is actually not of prognostic significance, although it is visually the most arresting feature to observe. The width of the ventricles is a much more sensitive index. Neurological status has been reported as having some relationship to the size of the IVH. In 21 of de Weerd's "good" or "fair" cases, 2 29% had blood in all ventricles and 71% had only partial filling of the ventricular system. In his 19 "grave" cases, 84% had blood in all ventricles and only 16% had partially filled ventricular systems. Based on angiographic and operative findings, Pia 6 classified nine cases of ruptured aneurysms as having "complete" clot, and 100% of these cases died. In four cases with "partial" clots, only 50% died.
This review confirms the perception of intraventricular hemorrhage (IVH) as being a serious prognostic factor, probably the worst radiological feature one can encounter. In such cases, ventriculocranial ratio (VCR) was found to be the most sensitive factor in predicting survival in this retrospective study, and we advocate its routine measurement as an aid to decisions regarding drainage or shunting of CSF. Patients admitted in poor condition with distended ventricles will probably die unless ICP is reduced.
